Abstract-One of the most important actual problems in the gas detection field is that there are strong demands for gas methane source detection to prevent explosions or poisoning accidents …etc. In this case we need an autonomous equipment to perform wide surveying of the ground area surface based on a pattern to know its concentration on each spot of the required ground area. The best method of performing this task is to use autonomous quadcopter with high flexibility which do not affect by risk of this gas and the rough and irregular ground surface and perform the task with high speed and lower cost. This paper presents a simulation comparison of search pattern types properties and practical methane gas concentration measurement.
I. INTRODUCTION
Flying robots, especially quadcopters, are becoming increasingly common and span a huge range of size, shape and applications, such as in collapses, fires, floods, bomb attacks, measurement of gases concentration, detect the location of the gas source leakage, delivery from point to point, traffic monitoring, aerial photography, investigating, detect and track trespasser, and spraying certain materials [1] [2] [3] , an example of a quadcopter is shown in Fig.1 which contains APM 2.6 flight controller board. Quadcopter picture.
To perform the measurement of gases concentration a quadcopter can be used for surveying based on certain pattern to detect gas concentration such as methane gas in the landfill. Since a landfill operator is required by law to collect gas concentration measurement per month by using (portable and stationary sampling equipment) [4] , but the manger of landfill faces difficulties in taking measurements due to the gases risks of the landfill and the rough and irregular ground surface [5] . Therefore, a method is required to overcome the difficulties of taking measurements in the landfill. Other purpose of monitoring the gas concentration is to evaluate if this landfill is sufficient to collect methane gas to produce energy [6] . The mentioned required method is an autonomous quadcopter for surveying at landfill surface to know the gas concentration. To serve as an autonomous quadcopter using flight sensors and flexible system that can explore landfill in order to measure gases concentrations using environmental sensors such as methane gas sensor. Data have been collected over all the area of inspection, to be able to provide the landfill operators with useful information such as gas distribution map, locations of possible gas leaks, sufficiency to collect methane gas to produce energy, indication of the area risk …etc. Suitable search pattern is necessary to be selected to perform the surveying for a landfill area.
II. THE THEORY
A. The landfill A landfill site is an area of land that is used to dump rubbish, either directly on the ground (land raising) or filling an unwanted hole in the ground (land filling) [4] . The landfill in such a way reduce contamination of the surrounding land, but it affects the environment and has risk for human due to the emission of risky gases such as asphyxiation hazards, flammable hazards poisonous hazards [4] [6] [7] [8] [9] . The biogas generated in the landfill consists of approximately 55% of methane, 40% of carbon dioxide and 5% of a mixture of other gaseous components, such as H 2 , N 2 , O 2 , CO, and H 2 S [6] [7] . Table (I) shows the concentrations of the landfill gas components [4] . 
B. The pattern
The idea can be summarized as the autonomous quadcopter robot performs the surveying of a certain ground area forward and backward many times with regular distance according to predefined pattern with less time and distance. The quadcopter gives the gas concentration for points of regular distance (defined by their latitude and longitude i.e. X and Y axes respectively), in this case we can get in MATLAB a 3D plot as a grid of ground surface which shows the methane gas concentration of the ground surface spots with regular distances. There are general traditional search pattern types which may be used for robotic surveying based on the application required to be performed by the robot, such types of the pattern are straight and square patterns [10] . For an autonomous robot the ability to move about its environment and reaches its desired goal location using the best feasible path is called navigation. Since quadcopters are often chosen for their mobility and maneuverability, it is essential that the quadcopter incorporates a good navigation system. If the user provides a map (pattern) of the environment it is called map based navigation. If the quadcopter is expected to navigate in an unknown environment, the quadcopter needs to build a pattern and then calculate its own location within the pattern, this is called localization. This process needs to be done constantly as the robot moves through the pattern. Hence it is known as simultaneous localization and mapping [11] [12][13] [14] .
C. Methane gas sensor
There are a number of sensors can be used to detect the concentration of the methane gas. In this paper we used the TGS2611 sensor with low power consumption, long life, low cost, simple electrical circuit, high selectivity and sensitivity to methane only. The technical details and the equivalent circuit of the sensor are given in [15] . Fig.2 shows the TGS2611 sensor board. 
III. EXPERIMENT RESULTS

A. Pattern types
In this paper we made a comparison between suggested patterns of surveying on area which represents a landfill by quadcopter. This comparison was simulated using MATLAB. The dimensions of the simulated landfill area are 16cm*16cm with a constant moving speed. Fig.3 represents the simulation results of straight pattern. Fig.4 represents the simulation results of semi zigzag pattern. Fig.5 represents the simulation results of zigzag pattern. Fig.6 represents the simulation results of squares pattern. For the application of methane gas concentration detection in a landfill, and according to the simulation results, the suitable pattern is the straight pattern.
B. Gas concentration measurement
We connected practically, with the simulation system, a gas sensor to measure the concentration of methane gas which is important in the landfill as explained previously. This experiment was carried out on the four mentioned pattern types by connecting TGS2611 sensor to the input of the Laptop through Arduino Uno interface board, as shown in Fig.7 . The simulation results for the practical connection of the sensor which shows the measurement of methane gas concentration on each spot of the four mentioned pattern types, are shown in figures 8, 9, 10 and 11, where the x and y axes represent the coordinate of the spot and the z axis represents the methane gas concentration as voltage changes that we can obtain the gas concentration in PPM from a certain chart of the sensor data sheet. The curve with blue color (in figures 8, 9, 10 and 11) represents the surveying pattern while the black color represents the methane gas concentration measurement. An external methane gas source was used in order to perform experiments for the four pattern types with random different concentration values of methane gas. The external methane source was fixed 3cm away from the face of the sensor, where the sensor was in vertical position. The time delay that the methane gas sensor response to the external methane source was very short; within one second. The simulation results of the surveying operation time of table (II) for the four pattern types remained the same when the methane sensor was connected and measured the concentration.
IV. CONCLUSION
In this paper, a comparison has been performed for different pattern types, the straight pattern type is seemed to be more suitable for surveying application near the surface of the landfill and measure the methane gas concentration, where this pattern has no overlapping area, missing area and has fair time of surveying operation. Also, the methane gas concentration has been measured practically for an external methane source using a methane gas sensor connected to the MATLAB system. The methane gas concentration values have been plotted as 3D with respect to the coordinates of the spots.
